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ABSTRACT
Photometric Ha and HP line indices for 71 B stars in seven galactic clusters are presented. Some stars in
three of the clusters were observed at two epochs. Using these data nine Be stars were identified. Three of
them were previously detected as emission-line stars, while six do not appear to have been previously recognized as such. Of the 62 stars for which we find no indication of emission, three were previously found to
exhibit emission. We find that emission-line objects are absent among the most luminous early B giants.
Subject headings: open clusters and associations: general - stars: emission-line, Be - stars: evolution
1. INTRODUCTION

Balmer line emission in hot stars has been known for more
than a century. Nonetheless, Be stars remain an area of active
research. Questions such as the evolutionary stage of Be stars,
the cause of variability in the emission, the mechanism which
produces the circumstellar envelope, the mechanism underlying the continuum light variations and even the basic properties of the stars are still uncertain (see, e.g., Abt 1987; Percy
1987; Slettebak 1987 for reviews of some outstanding issues).
As with other types of stars, when Be stars are members of
clusters various of their properties can be deduced. Accordingly, a number of investigators have searched clusters for Be
stars (e.g., Schild & Romanishin 1976; Abt 1979; Sanduleak
1979; Lloyd Evans 1980; Mermilloid 1982). Unfortunately, the
information in these studies comes from a variety of sources
and various methodologies were used. In particular, the sensitivity of various surveys must differ, which affects the statistics
of Be star occurrence.
In this paper we describe an attempt to improve this situation through a photometric search for Be stars in seven northern clusters (out of a total of about a dozen in which all the B
stars are bright enough for our instrumentation). This study is
homogeneous in terms of sensitivity and provides a quantitative measure of the emission or places quantitative limits on
undetected emission.
2. OBSERVATIONS

We have used the Behlen Observatory CCD photometer on
the 0.76 m telescope to search young clusters for Be stars. The
CCD system and the methods of reduction have been
described by Schmidt (1988, 1990a, b). For the observations
reported here we have used two pairs of interference filters
centered on Ha and H . Each pair consisted of the broad-band
filter (AilFwHM
= 193 and 200 8, respectively) and a narrowband filter (Ail,,,,
= 19 8 and 29 8, respectively). Following
the technique devised by Stromgren (1963) and further developed by Crawford (1973), the ratio of flux through the broad
filter to that through the narrow filter is used as a measure of

!

'

The views expressed in this paper are those of the authors and do not
reflect the views of the National Science Foundation.

O American Astronomical Society

line strength. We denote these ratios, expressed in the form of
magnitudes, by a and 8. As the line absorption increases the
indices increase but emission with cause them to decrease. It
should be noted that the a and /? indices are insensitive to
wavelength-dependent effects such as atmospheric extinction
and interstellar reddening.
To detect Be stars, we adopt a method previously used by
Andrew (1965), Feinstein (1974), and Crawford, Barnes, &
Perry (1975). Since the absorption in Ha and HP is correlated
for B stars, a plot of the two indices for nonemission-line
objects will exhibit a well-defined (nearly linear) sequence.
However, since Ha emission is much stronger than HP emission in Be stars, such objects will fall off the sequence.
A similar technique was recently described by Grebel, Richtler, & DeBoer (1992). However, their method differs in that it
employs only a intermediate-bandwidth filter, Ail = 48.5 8,
centered on Ha and the Stromgren y and b filters. It takes less
integration time than our method because it employs fewer
filters which are all broader than our two narrow-band filters.
However, it is affected by atmospheric extinction and interstellar reddening.
Table 1 lists the seven clusters we have observed, the Julian
dates on which they were observed, and the source of the star
identifications and UBV photometry. Note that some clusters
were observed on two or three nights to increase the number of
stars and to check for variability. Table 2 presents the observational data for the individual stars. Column (1) identifies the
stars while column (2) lists the Q values that were calculated
with Johnson & Morgan's (1953) equation,
Q = (U-B) -0.72(B-V)
B- V and U - B were taken from the sources listed in Table 1.
Q is a reddening-independent temperature indicator which will
be used below in analyzing our measurements. Halbedel(1993)
has shown that its use is valid for Be stars. When there was no
UBV photometry, we have estimated Q from Halbedel's Qspectral type relation. In these cases, the value is enclosed in
parentheses. Stars with Q greater than zero are A stars which
will not be considered further in this paper. Column (3) and (4)
give the a and p indices. Since many of the observations were
made on nonphotometric nights, we have adjusted to zero
points to match the bulk of the stars in each cluster to the
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